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I

Technical Standard Order

Date 7/20/81

Subject: Gas Turbine Auxiliary Fewer Units

(a) Applicability

~5nimm Perfomance  %3ndard. This Technical Standard Order (W)
prescriks  the k7imm performance standard which gas turbine auxiliary power
units (APUs) must meet in order to tx identified with this EQ marking. Kew
models of clas turbine auxiliary power units that are to be so identified and
which are kanufactured on or after the date of the T&SO must meet the
requirements of Appendix 1, Federal Aviation Administration Standard for Gas
Turbine Auxiliary Power Units, of this TSO.

(b) Karking. Fach &U must be leqibly and permanently marked on a
fireproof identification plate with the following information:

(1) Name and address of the manufacturer.

(2) Part number, serial number, and rrPde1 *sirnation.w

(3) Maximum allowable dry wight to the nearest pund.
J

(4) Applicable TLX n&r (EOX77a).

(5) Fssential or nonessential category of service for hich approved.

(6) Fuel type and specification.

(7) Lubricating oil type and specification.

(c) Data Reuuirements. The manufacturer mst furnish the following
technical data to the Chief of the Aircraft hgineering  Office in the r&ion of
the Federal Aviation Administration in which the manufacturer is located:

( 1) One or mre nranuals containing instructions for the installation,
operation, &qrvicinq,  rrizintename, repair, and overhaul of the A,RJ.

(2) f%del specifications containing the following hfomation:

i. Manufacturer’s name and address.
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TSO-C77a I

ii. Part number, serial mfker, and rrodel designation.

iii. Essential or nonessential category of service for &ich
approved.

iv. Maximum allowable dry wight to the nearest pound.

v. The following performance information &I limitations at
standard sea level atmospheric cmditions:

(A) Rated output shaft power (if applicable).

Rated cutput shaft sped (if applicable).

bkximum turbine inlet or exhaust gas temprature at
rated output.

Maximm allowable speed.

(E) Maximum allowable turbine inlet or exhaust gas
temrature.

(F Cnimum canFessor bleed air flow (if arpplicable).

(G) Minimum repressor bleed air pressure ratio (if
applicable).

(H) Maximum fuel consumption at rated atput.

output.
vi. The temperature and speed control tolerances at rated

vii. The APU operating envelope including extreme attitude limits
and environmental cu>ndi tims throughout tJhich the Apu may be started and
operated for mrestricted periods of time.

viii. The rraximum translational I rotational, and ambin&
accelerations along all three major axes which the AFU, including all of its
accessories and munting wovisions, is opable of withstanding.

ix. The maximum duration of time the APU is mpable of -rating
without hazardous malfunction *en the oil system is subjected to negative “g”
conditions.

x. Maximum al lowable component ti surrounding anbient
temperatures and heat rejection rates from anpnents here such limits are
established. If applicable, the type and location of each thermcmple used tn
meet installation requirement moling tests must be specified arrd a description
of ambient teprature sensing provisions must be wavided.
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xi. Maximum loads, including shear, axial, and averhang mnt,
that the air inlet duct attachment prwisions are capable of withstanding.

xii. The following inlet air specifications:

(A) Maximum inlet air pressure drop per pxagraph 6.4.3.

(B) Distortion limits across the APW inlet.

(C) Effect of inlet air pressure drop on rated power.

(D) Provisions for Fotection  against ingestion of foreign
objects.

xiii. The following lubrication system specifications:

(A) Tym grade, ad specification of oil.

(B) L'4aximum oil axxumption rate.

(C) Maximum inlet oil temperature.

(D) Minimum inlet oil Fessure (if applicable).

(E) Inlet oil flow rate (if applicable).

(F

(G

The type and degree of oil filtering necessary for
protection of the AFU lubrication system qainst tireign
particles in the oil (if applicable).

) Usable oil capacity.

(H) Maxim heat rejection rate.

(I) Maximum oil system outlet pressure (if applicable

(J) Oil prressure limits br rrormdl and idle -ration

(K) Wbrication system specifications for components not
supplied with the AH?.

(L) Operating limitations for integral oil cooling (if
applicable).

xiv. The following fuel system specifications:

(A) mr grade, ad specification of fuel.

(B) Minimum inlet fuel pressure.

(C) Maximum and minimum inlet fuel ternpratures.
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(D) Inlet fuel flow rate.

w The type and degree of fuel filtering necessary for
protection of the APU fuel system against foreign
particles in the fuel.

(F) Method of preventing filter icing (if ap?plicable),

XV. '&e maximum exhaust system back pressure and the effect on
power output of variations in back pressure.

xvi. Maximum loads, including shear1 axial, ad metiang mment,
that the exhaust attachment provisions are capable of withstanding.

xvii. The output shaft configuration, direction of shaft rotation,
and mximum allowable cxrerhang mr>mer,t  for the main power output pad (if
applicable).

x v i i i . MFJ'irnun loadsr including shear, axial, arrcl cxerhanq llDment,
that the -pressor bleed air attachment provisions are capable of wkhstanding
(if applicable).

xix. The follok,irq accessory drive specifications:

(A

(B

(C

) Configuration of drive shaft and munting pad.

) Direction of drive shaft rotation.

) Maxirmm static torque.

(D) Rated turque.

(E) Ratio of accessory drive shaft Rplc3 to power turbine
FW!.

(F) Maximum merhang rrPment the rrPunting Fad is capable of
withstanding.

xx. Detailed &scription of attachments fr APU nw>nitoring
instrumentation.

xxi. Information regarding accessories or czontrols  necessary for
propx -ration of the AH3 including the mdel designation or Fart mm&r, anJ
calibration or setting m&ers of each accessory or mntrol, such as the fuel
controlI igniter system, and safety devices.

xxii. Maximum anduct& and radiated electronic ard magnetic
interference generated by the AKI throughout its normal cperating  range and the
procedure used to determine the amount of interference generated.
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xxiii. An installation drawing of the Apu which identifies its three
major axes and the maxinum displacement in each direction, or combined
displacements, under htiich the APt.J will meet the operating cfiaracteristics
requirements of paragraph 5.5, Appendix 1, of this TSO.w

xxiv. Characteristics of the APU cwnpressor bleed air and the
maximum amount of crontamination in the compressor  bleed air.

XXV. Critical frequencies and amplitudes determined in accordance
with the vibration requirements of paragraph 6.19, edix 1, of this TSO. -

xxvi. Life ar creep growth limits or both, of cx>ngponents,
determined in accordance with the rupture and fatigue requirements of
paragraph 6.20, Appendix 1, of this TSO.

xxvii. Trajectory envelopes and energy levels of unmntained rotor
fragments resulting from the rotor antainment demonstration requirements of
paragram 7.101 Appendix 1, of this ‘ISO.

xxviii. Installation restrictions determined to be mcessary u3 the
basis of the degree of compliance with the ice protection demnstration
requirement of paragraph 7,11t Appendix 1 I of this EO (if applicable).

x x i x . Installation provisions determined to be necessary cn the
basis of the degree of mnr>liance  with the foreign object ingestion
demonstration r&uirements'of. paragraph 7.12, Appendix 1, of this Tso.

xxx. Limitat ions on Apu windmilling and capabilities of
ant irotat ion devices provided under paragraph 6.22, Appendix 1, of this Tso.

xxxi. Calibration
this TSO.

data obtained under pagraph 7.2, mndix 1, of

xxxii. Other information and limitations as specifically required by
this TSCL

(3) One mpy of the Qualification Test F&porrts.

(d) Data to be Furnished With Manufactured Units. A copy of the
information specified in paragraphs (c)(I) and (c)(2) rrust TV furnished TV each
person receiving for use one or rrOre APUs manufactured under this !ISO.

(e) Previously Approved Equipment. AKJ equipment q3proved prior to the
date of this TSO may antinue to be manufactured under the provisions  of its
original approval,

Director of Airworthiness
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Appendix 1

APPEK!DIX lo FEDERAL AVIATION ADMlNISI'RATIoN  SI'ANDARD FDRGhS
( ?rmEmE AUXILIAFY mmR uwrs,

1.0 Purpose. n?is document provides minimum design and performance standards
for gas turbine auxiliary power units (MS) intended for use as pawer sources
for driving generators, hydraulic ws, and other aircraft accessories and
equipment or to provide mmpressed air for aircraft pumatic systems.

2.0 scope. T'Cs standard avers the folluwing  categories of gas turbine
auxiliary power units:

Category I - Essential APU
Category II - Nonessential APU

3.0 Installation. This standard does mt wify APU installation standards.
HOwever, the standard specifies requirements for the establishment of APU
installation limitations relating to APU performance and design.

4.@ Definitions. TI7e followinu are definitions of terms applicable to the-'
standard :

4.1 Accessory drives. Any drive shaft cx utility mounting pad, furnished
as a part of the auxiliary power unit, that is used for the extraction of wr
to drive accessories, components I or controls essential to the -ration of the
awiliaq pour unit or any of its associated systems.

4.2 Auxiliary Power Unit (APU). Any gas turbine-powered unit delivering
rotatinq shaft power, mvressor air, or both which is mt intended for direct
prowlsion of an aircraft.

4.3 Blade. An energy transforming element of the mrpressor or turbine
rotors whether integral or attached design.

4.4 &npressor  a i r . Compressed air that is provided by the APU to do mk
whether it is extracted or bled from any point of the mwressor section of the
gas turbine engine m produced from a mvressor driven by the APL

4.5 Containment. Retention within the AW of all high energy rotor
fragments resulting from the failure of a high energy rotor.

4.6 Critical rotor stage. The apressor and turbine stages KIOSK rotors
have the smallest margin of safety under the conditions of speed and
temperature shown in paragraph 7.10, Appendix 1, of this Tso.

4.7 Demonstrate. Tb prove by @ysical test under the anditions specified
in this standard.

4.8 Essential APU. An Apu which produ~s bleed air and/or power tD drive
accessories necessary for the dispatch of the aircraft tc> maintain safe
aircraft operation.
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ii. Part number, serial Iylrrber, a&I mdel designation.

iii. Essential or nonessential category of service for tiich
approved.

iv. Maximum allowable dry weight ti the nearest pound.

v. The following performance information arx3 limitations at
standard sea level amspheric orxrditions:

(A) Rated output shaft power (if wplicable).

(B) Rated atput shaft speed (if applicable).

) Naximum turbine inlet or exhaust gas temperature at
rated output.

Maxirmm allowable speed.

(E) Maximum allowable turbine inlet or exhaust gas
temperature.

(F) Minimum compressor bleed air flow (if applicable).

(G) Minimum compressor  bleed air pressure ratio (if
applicable),

(H) Maximum fuel cx>nsumption at rated &tput.

output.
vi. The temperature and speed control tolerances at rated

vii. The AHJ operating envelope including extreme attitude 1imi.w
and environmental mtiitions throughout which the Apu may be started and
operated for unrestricted periods of time.

viii. The mimurn translational I rotational, and anbined
accelerations along all three major axes which the AKJ, including all of its
accessories and munting wovisions, is mpable of withstanding.

ix. The rraximum duration of time the APU is wle of -rating
without hazardous tifunction &en the oil system is subjected to mative '*g*'
mnditions.

x. Maximum allowable component ti surrounding ambient
temperatures and heat rejection rates from mgments where such limits are
established. If elicable, the trpe and location of each thenmmuple used tx3
met installation requirement moling tests must be specified arrd a description
of ambient temperature sensing wovisions must be Fuvided.
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5.0 General Peouirements.

5.1 Materials and Prrocesses. The suitability of the materials and
prOcesses and the durability of the materials used in manufacturing the APu
must be established by tests or m the Isis of experience or both. Each
material and process must oonform to approved specifications (such as industry
or military specifications I or technical standards) to ensure that the strength
and other properties assur& in the design data are valid.

adj
wit

1.

5.2 Accessibility. Parts of the APU requiring
usment, or replacement must be made readily acce
.hout teardown of the unit or removal of any major

rputine service deck
ssible for servicing
part, mmponent, or

ing,

accessory l

se3 Extreme Attitude -ration. It rrxxt be demonstrated that the APU is
capable of functioning satisfactorily over its full range of -rating
conditions, up to and includinq rated output, within the attitude limits
specified by the manufacturer in the We1 specifications.

5e4 Electrorr,asnetic  Interference. The ~X~JWTI mnducted and radiated
electromagnetic interference which may be generated by the APU during any
normal continuous operation mst be substantiated by tests and specified in the
model specifications l

5.5 wrating Characteristics. me overall range of APU operation and
environmental conditions for which approval is requested mst be specified in
the We1 specifications. These include the starting and -rating envelopes
within which the AR1 car! k started and operated without detrimental effects
(such as stall, surge, or flame-out), 'Ihe starting and operating envelopes for
essential AFUs mst‘ be substantiated by tests or an mivalent analysis.

!Fhe effects cf inlet temperature, air bleed, exhaust back wessureI inlet
pressure recovery, and rm pressure ratio upon performance parameters su& as
r.p.m. pawer output, airflow, fuel flow, exhaust gas temperature, and pressure
ratio shall be provided fcr the qerat ing envelope.

5e6 Flight Maneuver Loads. The applicant mst select and substantiate the
maximun translational, rotational, and ambined accelerations in al.1 three
major axes which the AR?, including munting provisions and all accessories, is
capable of withstanding without permanent deformation, failure, or impairment
Of Operation. The accelerations must be specified in the tie1 ~cificati0nS.

5.7 -ration I?uring Fegative  “q” Conditions. The maximum duration of
time during which the Apu can -rate without hazardous malfunction durinq
negative "g" conditions rrust be specified in the rrodel specifications. The
duration may mt be less than 5 seconds.

6.0 Iksiqn and Construction.

6el Gene&t. me W may rrot  have desiqn features or details &ich are.
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hazardous or unreliable. The suitability of all design features md parts mst
be established by tests, experience, or analysis. All parts of the AFT? must be
constructed, arranged, and installed so as to ensure their continued safe ,w '
operation between normal inspections and overhauls. The APU must have
provisions for electrical bonding to the aircraft.

6.2 .Safety Analysis. A failure analysis rrrust be made tD show that ~y3
single failure or malfunction or probable mtiination of failures in any
critical system of the APU will result in an unsafe amdition.

6.3 Fire Prevention. The desiqn and mnstruction of the APU and materials
used rmst be such as to minimize the probability of the occurrence and spread
of fire because of structural failure, overheating, leaking flamnable fluids,
or other causes. In ddition-

(a) Each line, fitting, and external mment, including fluid
shutoff valves carryins flamnable fluids, must be fire resistant; &s

fluid in
shrouded

6.4

(b) Each line, fitting, ant! external mment carrying flammable
an area subject to fire oxditions rmst be located, shielded, or
to safeguard against the ignition of any leaking flammable fluid.

Air Intake

6e4el Ice Protection. For essential APUs, the air intake passaqes
within the AR? must be designed and anstructed to prevent the accumulation of
ice in quantities sufficient to cause malfunctioning of the APU during
operation throughout its operating range within the icing envelopes specified
in Appendix C of Part 25 of the Federal Aviation Regulations. The degree of ice
protection capability must be dernsnstrated as specified in paragraph 7.11 of
this standard. For nonessential APUs, mr@iance with paragraph 7.11 is
optional.

6e4.2 Shrouding of Lines, Flamnable fluid carrying lines, fittings,
or cwnponents located in the air intake within the APU must be protected by
shrouds so that leakage from the lines, fittings, or mmponents cannot enter
the intake airstream. Shrouds mst have provisiors for attachinq  external.
drains,

6.4.3 Inlet Air Pressure Drop. The effect of inlet air plressure drop
and inlet blockaqe an APU operation mst k substantiated. Inlet distortion
limits mst be listed in the APU model specification.

6.4.4 Foreign Object Ingestion. For essential APUs, the degree of
foreign object ingestion capability must be established as specified under
paragraph 7.12 of this standard. Fbr nonessential AEIJs,  appliance with
paragraph 7.12 is optional.

6.5 Lubrication System. The lubrication system m3st function satis-
factorily at all the APU operating attitudes Fified in paragraph 5.3 and
throughout the operating envelope-established in accordance with paragraph 5,s
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of this standard. me applicant mxt specify the approved engine lubricant in
the model specifications. The lubrication system, when furnished as part of the
AK?, must have the following:

6.5.1 Oil Drains. There nust be at least me accessible drain that
allows a safe drainage of the oil system and has manual OT automatic means for
positive locking in the closed position.

6.5.2 Oil Filters. If there is a filter in the APU lubrication
system throwh kich all the oil fl,ows, it mst be ax3structed aMI installed so
that oil my”flow at an acceptable rate through the rest of the system with the
filter element axqA.etely blocked. A means mst be provided ti indicate when
this filter is being bypassed.

6.5.3 Oil Tank. The 0i.1 tank or integral oil sump must have thes
folluwing features:

(a) The oil tank and its supports rrrust be fireproof.

(b) MI expansion space of not less than 10 percent of the
total tank capacity must lx provided.

(c) The tank filler rmst be sz located that the expansion
space cannot be inadvertently filled when the APU is serviced at the nxmal
ground attitude.

(d) P. vent fron the top part of the expansion space mst be
provided. The venting provided must be effective throughout the range of
extreme attitudes specified in pragraph 5.3 and throughout the operating
envelope established in accordance with paragraph 5.5 of this standard. The
vent must be sized to accmm&late the maximum anticipated rates of asent and
descent in flight.

(e) Revision mst tie made to ensure adequate oil flow during
operation when the oil syste
S-second interval.

IT. is subjected to a negative “9” ax3dition  for aw

(f) me oil tank must be capable of withstanding the
application of a differential pressure of at least 5 psi more than the ma~irnnn
differential pressure which might be encountered during operations throughout
the rr~rmal operating envelope established in accordance with paragraph 5.5 and
under the maximum flight maneuver loads specified in paragraph 5.6 of this
standard.

(g) Suitable means must be provided for determining the level
Of oil in the tank *en the IU3 is in the mrmal ground attitude.

(h) A means to prevent entrance into the tank or the tank
outlet of any object that might obstruct the flow of oil through the system
must be provided. The tank outlet may rr>t be enclosed by any screen or guard
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that muld reduce the flow of oil below a safe value at any operating
twerature.

6.6 Fuel System. The fuel specification, rate, pressure, and temperature
ranqtz of fuel flow to the inlet of the AH~ fuel system and the degree of
filtration necessary for satisfactory unit functioning mst be established and
listed in the moilel specifications.

6.7 Fuel mains. A drain must be provided in the APU to prevent
accumulation of fuel in the event of a false start. The combustion &arrrber
drain and any other drains in the fuel system mst have fittings suitable for
connecting to overboard drain lines.

6.8 Fuel System Materials. All materials used in the fuel system mst be
sufficiently resistant to fuels approved for use in the APU to permit

' continuous normal operation of the fuel system and mmponents throughout the
overall range of APU operation and environmental renditions established in
acmrdance with paragraph 5.5 of this standard.

6.9 Exhaust Systm. The exhaust system of the AFU must k designed and
constructed so as to prevent leakage of exhaust gases into the aircraft. The
maximum permissible shear I axial loads, and mnts that may be applied b the
exhaust connection of the unit mst be specified in the model specifications.
In addition, the following apply:

6.9.1 The m: must inmrporate suitable means for the annection of
exhaust ducts (if my).

6.9.2 Fkhaust piping must be mnstructed of fireproof materials that
are heat and oorrosion resist&t and rmst incorporate provisions to prevent
failure due to expansion when heated to -rating temperatures.

6.9.3 me changes of output power that result from exhaust back
pressure nust be specifi&d in the tie1 specifications.

6 JO Cooling. *rating temperature limits must be established for those
components which require temperature clc>ntrol provisions to ensure satisfactory
functioning, reliability, and durability. These limits, together with the heat
rejection rates, must be specified in the eel Woifications.

6.11 Instrumentation. The APU must have provisions for attaching a means
for measuring turbine inlet or exhaust gas temperature, a speed indicator for
each independent rotor assembly, and the sensing elements of all other
instrumentation necessary for operation of the unit. These provisions must be
specified in the tie1 specifications.

6.12 Drive Attachments. Each accessory drive and munting attachment mst
be designed and mnstructed  SO that the APU will operate Properly with the
accessories attached. The AW must have provisions for the examination and
removal of all accessories. For output drives, limiting cmditions of tirque,
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speed, direction of rotation, shear and axial loads, and averhang rroment must be
determined and substantiated. These conditions, with a description of the type
of pad and drive, must k specified in the node1 specification.

,

6.13 mperature Ccntrol. Each Apu must be provided with automatic
temperature devices which will control temperatures within the limits specified
in the m&e1 specifications and rmst provide for a signal to elicable
monitoring devices. The temperature control mst prevent the maximum allowable
temperature from being exceeded under the -rating cmditions specified in the
model specifications.'

6.14 Lwd and Acceleration Controls. The @ antrol system and
acceleration control system rwst maintain the APU speed and acceleration within
the limits specified in the rrodel specifications and mst provide for a signal
to applicable monitoring devices. The speed nust be automatically oontrolled
to prevent the maxburr; allowable speed from being exceeded under the -rating
conditions specified in the m=>del specifications.

6.15 Safety Devices. If safety devices are incorporated to prevent a
hazardous overspeed or overtevrature  andition t means rrrslst  be provided for
ascertaining from the control panel, on the ground or during rronnal flight
operation, that these devices are functioning properly.

6.16 Autcxr.atic  Shutdown. For essential APUs, if an automatic shutdown
feature is provided, only WU overspeed rrust be used to initiate an automatic
shutdown. For nonessential APUs, automatic shutdown may be initiated by
overspeed or other failure conditions.

6.17 Rkor or btor Blade Failure Containment. Both essential and
nonessential APUs mst be designed for appliance with the special test
requirements specified in paragraph 7.7 of this standard to contain either:

6.17.1 Maximum kinetic enercry fragments from axnpressor  and turbined
rotor failures, or

6.17.2 Whole vanes from radial flow rotors unless failure of snaller
portions of these vanes is substantiated to be the largest portions likely to
occur, and

6.17.3 Entire airfoil sections of blades of exducers, inducers, and
axial flow rotors.

6.18 Mount Loads. The maximum static and dynamic loads, including thOSe
that result from an inbalance under a failed blade m failed rotor owrdition;
and the vibration amplitudes and frequencies tiich oould k transmitted by the
ARJ f ram the mounting points to the airframe through the mm1 qeratinq range
of the APUmJstbe determined. Critical qlitudes and frequencies and kimurn
static and dynamic loads which can be generated and absorbed by the APO rmst be
specified in the tie1 specifications.-
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6.19 Vibration Stresses in Highly Stressed Components. It must be
demonstrated by measurements under operating renditions  up ti the declared inlet
air distortion limits, or by equally reliable mthods, that the compressor,
turbine, and other highly stressed parts are free from vibration stresses that
could be harmful to these parts and other mqmnents.

6.20 Stress Rupture and Start/Stop Cycle Fatigue. The stress rupture and
start/stop cycle fatigue cfiaracteristics  must be substantiated for the critical
stages of APU rotor akemblies -lying with paragraph 7.9. Cyclic m hourly
life limits and/or creep growth limits, if applicable, of mtatinq oomponents
must be established. These limits rrust be specified in the rrodel-
specifications.

6.21 Bleed Air Provisions. Ap;us with povisions for the extraction of
compressor bleed air mst incorporate suitable fittings for the mnnection of
bleed air ducts. The baracteristics of the compressor bleed air, the maximum
amount of mntamination in the mwressor  bleed air, and the maximum wrmissible
shear and axial load and mments  tiich may be applied tL, the bleed air
connection mst be specifid in the node1  specifications.

6.22 Control of Unit Rotation. Any limitations on AFU windmilling in
either direction mst be specified in the tie1 specifications. Any
antirotation device must be substantiated and listed in the mdel
specificat ions.

6.23 Ignition System. n7e ignition system of the APU must provide
satisfactory ignition during starting and restarting throughout the full range
of renditions specified in the &el&cifications.

7.0 Tests.

7.1 Block Tests. A covlete APU must be subjected to the tests specified
in:

7.1.1 Paragraphs 7.2 through 7.6 of #is standard to be qualified as
an essential APL

7.1.2 Faragram  7.2 of this standard to be qualified as as
nonessential APL?.

7.2 Unit Calibration. The AK% power  and/or bleed air haracteristics
and (for essential APUs) the renditions for the endurance test specified in
paragraph 7.3 of this standard rmst be established by calibration tests. The
data obtained from the calibration tests must be presented in the rrodel
specifications in the form of curves of output shaft mr, output shaft
torque, output shaft speed I fuel flow, mmpressor bleed air flow, compressor
bleed air temperature and pressure versus turbine inlet 0~: exhaust gas
temperature and turbine speed.
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7.3 Endurance Test. The APU nrust successfully cxmrplete the ISO-hour
endurance test pacified in this paragraph. Upon oompletion of this test, there
must not be any indication of impending failure or excessive wear in any of the
Aputs major cx>npor.ents. The wit mst be functioning properly and be in a
condition that it can k overhauled without replacement of major opponents.
The speed and gas temperature antrol devices rrnxt maintain these parameters
within the tolerances specified in the tie1 specifications durins the ratede
output portions of this test:

7.3.1 Test Periods. Twenty periods of seven and one-half hours each
must be run using the following schedule. Rated output as used in this
paragraph means kxirnw~ output of shaft power and OOmpressor bleed air for
which approval is sowht.a,

(a) Five minutes at or above rated output, 5 minutes at ID load,
1 hour at or above rated output, and 5 minutes at ID load.

(b) Five minutes at or above rated output, 5 minutes at m load,
1 hour at 75 percent rated output I and 5 minutes at no load.

(c) Five minutes at or above rated output, 5 minutes at m load,
1 hour at or above rated output I and 5 minutes at no load.

(d) Five minutes at or above rated output, 5 minutes at r)13 load,
1 hour at 50 percent rated output, and 5 minutes at arc> load.

(e) Five minutes at or above rated output, 5 minutes at 110 load,
1 hour at or above rated output I and 5 minutes at no load.

(f) Five minutes at or above rated output, 5 minutes at IY> load,
1 hour at 25 percent rated output, and 5 minutes at ~23 load.

7.3.2 Test Conditions. The following renditions rrust be observed
during the endurance test:

(a) Speed. The speed of each rotor may rrot be less than the
rated speed during the rat& output prtions of the tests. No specific rotor
speed need be maintained during other portions of the endurance test.

(b) =w=. ratures. The temperature limits specified in the IlPdel
specifications, including the rated turbine inlet OT exhaust gas temperature
and oil temperature, must be substantiated by maintaining the temperatures of
the affected clomponents at or above these limits during all rated output
portions of the endurance test. The temperature of the inlet air may be
controlled to match the turbine temperature, speed, and pwer output to avoid
exceeding temperature, speed, or power limits during this test.

(c) Pressures. The minimum oil and fuel pressures specified in
the model specifications must be maintain& during all rated output portions of
the endurance test.
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(d) @utput Drives. Each output drive must be subjected during
the endurance test to the maximum power and overhang mnt loading qtibie
with the loads specified in paragraph 7.3.1 of this standard. These loadings
must be listed in the de1 specifications.

I

7.3.3 Adjustments and Repair or Replacemnt of Parts. During the
endurance test, repair and replacement of minor parts or infrequent adjustments
not requiring disassembly of major parts may be made. Major parts may not be
repaired

7e4
shutdown

7.5

or replaced during the endurance test..

Starts. At least 100 starts mnxt be made. A minimum of 2 hours
must precede each of at least 25 of the starts.

Recalibration. After m@etion of the endurance test in accordance_ _with pa&graph 7.3, a recalibration test rmst be made as specified in para-
graph 7.2 of this standard. IXIring this recalibration test, the APU output may
not be less than 95 percent of the output and the fuel ansumption rate may not
exceed 105 percent of that obtained during the first calibration test.

7.6 Wardown Inspection. After completing the recalibration test, the APU
must be mr@etelv  disassetilti, a detailed inspection must be made of each
part, and critical dimensions must be reinspected. Components found to have
excessive fatigue and wear rmst be redesigned and tested.-

7.7 S;>ecial Tests.  Essential and nonessential AFUs must meet either the
limiting device functional test rquirements specified in paragraph 7.8, the
rotor assembly integrity test specified in pwaaraph 7.g1 and the rotor blade
containment requirements specified in paragraph-7.10 of this standard, or the
rotor containment requirements specified in paragraph 7.10. Essential AKJs must
also meet the ice protection test requirements specified in paragraph 7.11 and
the foreign object inaestion  test requirements specified in PragraFh 7.12.w* -.

7.8 Functional Test of Limiting Devices. If speed cx temperature limiting
devices or both are provided, the AKJ must be operated in such a manner that
each limiting device is made to function 10 times. Each device must limit the
speed or temperature to not m0re than the values specified in the tie1
specifications each of the 10 times it is made to function.

7.9 mtor Assembly Integrity Test. The overspeed and overtemperature
capabilities of the critical stages of axtpressor and turbine rotor assehlies
must be substantiated by complying with the following:

7.9.1 drerspeed Test. n7e overstress margin for mmpressor and
turbine rotors must kre substantiated to be adequate to withstand -ration for
5 minutes at the rotational pd which is the highest of the speeds specified
in paragraphs 7.9.1(a) through 7.9.1(c) of this standard tiile at the turbine
inlet or exhaust gas temperature &ich muld prevail during -rations urx3er the
fault conditions of paragraphs 7.9.1(b) or (c) of this standard.-'

(a) A speed equal to 115 percent of the rated speed.
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than 105 percent
one of the norma

(b) If safety devices are incorporated, a speed of mt less
of the highest speed which wuld result fram failure of any
1 engine mntrol systems.

(c) If safety devices are not incorporated, a qwd equal to
the highest speed which wmld result fram the failure of any one of the mrmal
engine mntrol systems.

7.9.2 Overtemperature Test. Ihe overstress margin for the turbine
rotors must be substantiated to be adequate to withstand operation, for not
less than 5 Rinutes, at a turbine inlet or exhaust gas temperature of not less
than 75 degrees F. (42 degrees C.) higher than the rated turbine inlet OT
exhaust gas temperature, *ile at rrot less than rated speed. If the critical
overspeed rendition is accoqmied by a turbine inlet or exhaust gas temperature
of at least 75 degrees F. (42 degrees C.) treater than the rated turbine inlet
or exhaust gas temperature; both the over&d and overtemperature capabilities
may Lx substantiated simultaneously. If the critical overspeed amdition is
acccxrpanied by a turbine inlet or exhaust gas temperature less than 75 degrees
F. (42 degrees C, ) greater thaq the rated turbine inlet or exhaust gas
temperature; the overspeed and overtemperature capabilities mst be
substantiated separately.

7.9.3 Methd for Conductina Werspeed and Overtemperature Tksts. Tfie
overspeed and overtemperature tests kquired by paragraphs 7.9.1 and 7.9.2 of
this standard mst be acmrplished  by testing a aqlete APL

7.10 F@tor or FMor Blade Containment Demnstration.  APL? rotor or rotor
blade containment capability must be demonstrated for the critical stages under
the following mnditions:

7.10.1 speed. Containment rmst k demonstrated at the maximum
obtainable speed defined by subparagraphs a and b.

a. If safety devices are incorporated, a speed equal to the
highest speed which wuld result from failure of any me of the rylrmal engine
control systems.

b If m safety devices are incorporated, a speed equal to
the highest speed wfiich wuld result from the failure of any me of the mrml
engine mntrol systems.

7.10.2 Temperature. The mntaining mmponents at a temperature mt
lower than the teqerature during aperation of the AKJ at rated output.

Parts attached adjacent to the rotor casing may be cr&Iited for mntaining
rotor fragments. If the ac>ntainment demonstration dc~s not result in
containment of all rotor fragments, information on trajectory envelopes and
energy levels of the unmntained rotor fragments rrust be provided in the mdel
specifications.

Page 11



TSO477a
Appendix 1

7.11 Ice Protection Demnstration. For essential APUs, the capability of
the APL? to meet the requirements of the icing renditions specified in Appendix
C of Part 25 of the Federal Aviation Regulations mst be demnstrated as
specified in paragraph 6.4.1 of this standard. Any restrictions found to be
necessary as a result of exposure to these icing cmditions mst be stated in
the model specifications in such a manner that they can be followed during APU
installation.

7.12 Foreign Objects Ingestion &mnstration. Rx essential APUs, thec a
effects on APLJ functioning and performance frm mgestion of hazardous
quantities of foreign matter such as water, ice, sand, gravel, and other hard ' 1

objects mst be established by testinq a mqlete Apu. Any provisions found tD I
be necessary for adequate protection against ingestion of foreign objects must
be stated in the Mel specifications in such a-manner that they can be
folluwed durinq Apu installation..

Page 12



II(f) FWding Agglioatims

2. In paragraph 6.5.2 of TSX77a,  entitled, “Oil Filters,’ it ms IDt the
intent of the FM tr, limit this stardad ti oil filter &signs  that inmzporate
a bypass *stun. An AXI oil filter wittmut a bypms Is 8lso an scsceptable
alternate design pmvidM that a warniq mans is bclMed m mm the flight
crew that the oil filter is Wbg blocId &an orntcrmirratim.  T!brefore,
paragraph 6.5.2 should & changed tn clarify the PNPs intent ard ma3 as
fOllCRVS:

. .

a6.5.2 Oil Filters

There umt  be a filter in the Apu lubrication eys+em thmgh II&~& all af the
oil flaws. In cdditim: 1

(b) If the filter W mt have a trypass, it mast be provisions fbr a
warning mans to warn the crew before the filter bewms mumhated trD the
extent that oil in lhe lubrication system dms mt f&v at m mle rate.”




